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SUMMARY 

It  is  known  that  treatment  of  mouse  S49  thymic  lymphoma  celts  with  N- 
acetoxy -2-acetyl am inof luorene  (NA-AAF)  or  ethy (nitrosourea  (ENU)  activate  two 
quiescent  genes,  metal  loth i one in  I  (MT-I)  and  metailothionein  II  (MT-II)  (Annual 
Summary  Report,  12/1/86).  We  reported  that  treatment  with  NA-AAF  and  ENU 
resulted  in  a  10-30  fold  increase  in  cadmium- resistant  variants  and  that  about 
65%  of  these  variants  made  either  MT-I,  MT-II  or  both.  Among  other  findings,  we 
reported  that  the  DMA  methyl at ion  patterns  (as  measured  by  Hpa  II  digestion  and 
Southern  blotting)  changed  in  lines  which  were  MT  positive.  Using  restriction 
endonuclease  digestion  and  Southern  blotting,  we  have  not  detected  any  inser¬ 
tions,  deletions,  rearrangements,  or  amplifications  associated  with  the  activa¬ 
tion  of  either  MT  gene. 

We  have  done  initial  experiments  with  sulfur  mustard  (SM)  and  established  a 
range  of  toxicity  for  S49  cells,  sulfur  mustard  is  extremely  active  in  this 
system  and  produces  as  much  as  a  150-fold  increase  in  the  frequency  of  cadmium- 
resistant  (Cdr)  variants  compared  to  untreated  control  cells.  We  have  rescued 
22  variants  from  sulfur  mustard  treated  populations  and  9  spontaneous  variants 
and  have  made  DNA  and  RNA  from  these.  We  are  now  in  the  process  of  analyzing 
metailothionein  expression  in  these  Cdr  variants. 
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FOREWORD 


Citations  of  commercial  organizations  and  trade  names  in 
this  report  do  not  constitute  an  official  Department  of  the  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations. 
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INTRODUCTION 

As  summarized  in  iast  year's  annual  summary  report  (1),  both  monofunctional 
and  bifunctional  alkylating  agents  can  have  profound  effects  on  biological  sys¬ 
tems,  including  toxicity  (celt  death),  mutation,  and  tumor  induction.  Attention 
has  been  focused  on  toxic  and  mutagenic  aspects  of  these  agents,  but  few  inves¬ 
tigators  have  examined  the  ability  of  these  agents  to  activate  unexpressed 
(quiescent)  genes.  We  have  shown  previously  (1,2)  that  ultraviolet  radiation, 

i 

NA-AAF,  and  ENU  all  can  activate  quiescent  metal  loth i one in  genes  in  $49  thymic 
lymphoma  cells.  While  the  mechanism  is  unknown,  it  is  clear  that  it  involves 
demethy lation  of  DNA  and  often  coactivation  of  these  two  closely  linked  genes 
(3).  In  the  present  report  we  summarize  data  extending  these  results  and  anal¬ 
yzing  the  metal  loth  i  one  in  gene  region  in  NA-AAF  and  ENU  Cdr  variants  which  make 
MT-I  and/or  MT-II.  We  also  present  initial  data  on  SM  which  demonstrate  that 
treatment  of  S49  mouse  thymic  lymphoma  ceils  results  in  large  increa^  t  in  Cdr 
variants. 


MATERIALS  AND  METHODS 

Cel  I  culture.  General  cell  culture  procedures  were  as  outlined  in  last 
year’s  report  (1).  Briefly  we  grew  the  cells  in  suspension  in  Ham’s  F12  medium 
supplemented  with  10%  fetal  calf  serum.  0.5%  bottom  agar  (Difco)  and  0.5%  top 
low  melt  agarose  (Bethesda  Research  Labs)  were  used  with  or  without  5  jM  Cd  were 
used  for  selection  for  Cdr  variants  and  plating  efficiency  experiments.  For 
sulfur  mustard  experiments  SM  diluted  in  absolute  ethanol  was  added  at  the 
indicated  final  concentrations  (see  figures  and  tables)  by  diluting  a  small 
amount  of  absolute  ethanol  containing  SM  (approximately  10-25  /<l)  in  30  ml  of 
medium  containing  approximately  1  x  10s  S49  cells/ml.  Procedures  were  done  in 
screw  cap  50  ml  plastic  centrifuge  tubes  in  a  chemical  fume  hood.  After  3  hours 
incubation  at  37°,  the  cells  were  spun  down  and  resuspended  in  fresh  medium. 
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Cells  were  either  plated  in  soft  agarose  to  determine  relative  survival  (200- 
1000  cells/dish)  or  maintained  in  liquid  medium  for  S  days  at  37°  and  5X  COj  to 
allow  recovery.  At  this  point  cells  were  plated  in  soft  agarose  containing  5  fM 
CdS04  (10C  cells/100  mm  petri  dish)  or  in  soft  agarose  without  cadmium  for  plat¬ 
ing  efficiency  (200-1000  cel  I  s/dish).  At  the  end  of  14  days  colonies  were 
counted.  Individual  Cdr  colonies  were  rescued  by  aspiration  into  a  sterile 
Pasteur  pipette  and  seeding  in  liquid  medium  containing  5  jiM  CdSC4.  These  were 
expanded  and  stocks  were  frozen  down  for  future  studies. 

Nucleic  Acid  Procedures.  DNA  and  W1A  were  isolated  from  guanidinium 
isothiocyanate/cesium  chloride  gradients  (4).  Restriction  endonucleases  were 
purchased  from  standard  suppliers  (e.g. .  Bethesda  Research  Laboratories, 
Amersham,  New  England  Biolabs)  and  used  as  suggested  by  the  manufacturer. 
Southern  blots  were  performed  in  the  standard  fashion  using  32P  nick-translated 
probes  (4).  Probes  were  made  by  isolating  fragments  from  p8R322  plasmids 
containing  pieces  of  the  MT-I  or  MT-II  genome  (3,5)  . 

RESULTS 

Analysis  of  the  Metal  loth i one in  Gene  Region  in  XT*  Variants.  To  determine 
if  activation  of  the  raeta 1 1 oth i one i n  genes  was  related  to  changes  in  genome 
structure,  we  analyzed  31  variants  whi  ch  were  either  MT-I*,  MT-II*,  or  MT- 1* /MT- 
II*  .  Variants  were  generated  by  treatment  with  NA-AAF  or  ENU  and  represent  the 
same  cell  lines  used  in  other  experiments  (1).  We  used  three  probes  which  span 
the  metal  loth i one i n  locus  (Figure  1)  and  in  separate  experiments  digested  these 
variant  lines  with  EcoRI,  Xbal,  PstI  or  BamHI.  By  a  combination  of  these 
restriction  endonucleases  and  probes  we  were  able  to  generate  eight  different 
fragments  which  spanned  approximately  25  kb  of  the  mouse  metal  loth i one in  locus 
from  approximately  10  kb  S'  of  the  MT-II  gene  (the  5*  gene)  to  approximately  2 
kb  3'  of  the  MT-I  gene  (Table  1).  When  all  of  these  variants  were  compared  with 
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parental  (untreated,  cadmium-sensitive)  549  celts,  we  found  no  new  bands  and  no 
changes  in  the  size  of  existing  bands.  This  finding  indicates  that  there  were 
no  detectable  deletions,  insertions,  or  rearrangements  using  this  method.  There 
were  no  changes  in  the  intensity  of  any  of  these  bands.  This  finding  and  the 
failure  to  find  changes  in  length  indicates  that  there  has  been  no  significant 
amp  I  if i cat ion  of  any  of  the  genes  at  this  locus.  In  so&e  instances  (e.g. ,  the 
0.3  kb  band  expected  from  an  EcoRI  digestion  probed  with  N1500)  the  method  is 
quite  sensitive,  and  we  could  have  seen  a  change  as  small  as  50  or  100  base 
pairs;  in  other  instances  the  method  is  less  sensitive  (e.g.  the  10  kb  band 
expected  from  an  Xbal  digestion,  probed  with  PP300),  and  changes  much  smaller 
than  1  kb  might  not  have  been  visible.  Nevertheless  the  data  are  fairly 
consistent  and  suggest  that  major  changes  in  the  primary  gene  sequence  do  not 
occur  during  activation  of  the  metal  loth i one in  genes  by  these  two  monofunctional 
alkylating  agents.  However,  small  deletions  or  insertions  or  point  mutations 
would  not  be  detectable  by  this  assay. 

Toxicity  of  sulfur  Mustard  for  S49  Cells.  We  performed  several  experiments 
to  analyze  the  toxicity  of  sulfur  mustard  for  S49  thymic  lymphoma  cells.  We 
found  that  dilution  of  sulfur  mustard  in  ethanol  and  the  addition  of  small 
amounts  (~10-25  y/l)  to  large  amounts  of  tissue  culture  medium  (30  ml)  gave 
reasonably  reproducible  results.  The  relative  survival  for  one  of  these  experi¬ 
ments  is  presented  in  Table  2  and  graphed  in  Figure  2.  A  concentration  of  ~1 
sulfur  mustard  results  in  about  a  596  survival  while  ~0.5  and  ~0.25  jM  result 
in  ~20X  and  60X  survival,  respectively.  It  appears  that  there  is  a  small 
shoulder  in  the  log- log  plot  which  suggests  that  there  may  be  some  repair  of 
sulfur  mustard  damage  in  these  cells. 

Generation  of  Cdr  Colonies  After  sulfur  Mustard  Treatment.  We  allowed  these 
cells  to  recover  from  SM  treatment  for  5  days  in  liquid  medium  and  then  plated 
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the*  in  either  soft  agarose  without  cadmium  for  rotative  plating  efficiency 
calculations  or  soft  agarose  containing  5  pH  cadmium  for  cadmium  resistance 
Measurements  (Table  3  and  Figure  3).  It  is  clear  fro*  these  studies  that  the 
frequency  of  Cd'  variants  in  untreated  S49  celts  is  ~2.6/lO0  cells  while  in 
survivors  of  the  highest  treatment  (~1  pH)  there  is  an  ~140  fold  increase.  Thus 
sulfur  mustard  is  very  active  in  this  system. 

Preparation  of  Cells  and  Nucleic  Acids  from  sulfur  Mustard  Induced  Cdr 
Variants.  We  have  frozen  down  18  variants  derived  from  *0.5  pH  treated  cells,  4 
variants  derived  from  ~1  /til  treated  cells  and  9  lines  (spontaneous  variants) 
from  untreated  plates.  We  chose  to  focus  most  of  our  efforts  on  the  ~0.5  pH 
generated  variants  since  the  10-fold  increase  seen  in  going  fro*  -0.5  pH  SM  to 
~1  pH  SM  raises  the  possibility  of  more  than  one  hit  per  locus.  Whi le  poten¬ 
tial  ly  interesting,  we  chose  to  focus  our  attention  on  the  less  complicated 
case.  Since  at  «0.5  pH  SM  we  see  a  14  fold  increase  in  variants  over  spontane¬ 
ous  levels,  it  is  reasonable  to  assume  that  most  of  the  variants  we  have  iso¬ 
lated  result  from  treatment  with  SM  at  this  dose  level.  We  have  made  DNA  and 
RNA  from  ail  of  these  and  are  in  the  process  of  running  northern  blots  and 
Southern  blots  to  analyze  these  for  MT-I  and  MT-II  expression  as  well  as  DNA 
methylation  and  alterations  in  the  metal  loth i one in  gene  region. 

DISCUSSION 

It  is  clear  from  our  previous  data  (1,2)  and  our  present  data  (Results 
section)  that  ultraviolet  radiation  and  two  monofunctional  alkylating  agents 
result  in  large  increases  in  Cdr  colonies  in  $49  cells,  many  of  which  make  MT-I, 
MT-II,  or  both.  Changes  in  DNA  methylation  are  associated  with  activation  of 
the  MT  genes,  but  no  simple  pattern  of  methylation  change  can  be  directly 
related  to  the  activation  of  these  genes  (1).  An  extension  of  this  analysis 
(Figure  1,  Table  1)  in  which  we  looked  for  insertions,  deletions,  rearrange¬ 
ments,  or  amp  I  if i cat  ions  associated  with  the  activation  of  these  genes,  failed 
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to  yield  any  changes.  It  is  possible  that  activation  is  the  result  of  point 
mutations  or  small  deletions  or  insertions  which  the  present  methodology  cannot 
detect.  In  theory  it  is  possible  to  use  probes  designed  to  detect  mismatches  to 
analyze  these  events  (6,7).  This  method  has  been  used  successfully  to  detect 
ras  mutations  in  nucleic  acids  from  patients  with  colon  cancers.  However, 
unlike  that  study  in  which  only  about  300  base  pairs  had  to  be  examined,  in  the 
present  study  there  is  no  indication  where  such  mutations  might  exist.  Thus,  at 
the  present  time,  it  seems  inappropriate  to  apply  this  methodology.  Another  way 
in  which  these  monofunctional  alkylating  agents  might  activate  the  MT  genes  is 
by  inducing  changes  in  chromatin  structure  which  ere  passed  from  one  generation 
to  the  next.  It  is  well  known  that  during  development  the  activation  of  genes 
is  accompanied  by  changes  in  chromatin  structure  as  well  as  DMA  methyl  at ion. 
Although  it  is  possible  to  analyze  changes  in  chromatin  structure  fe.g. .  analy¬ 
sis  of  DNase  I  or  staphylococcal  nuclease  hypersensitive  sites),  at  present 
there  are  no  well  developed  strategies  for  looking  at  the  mechanisms  of  these 
changes.  Thus  although  it  is  clear  that  all  of  the  above  agents  can  activate 
these  two  quiescent  genes,  the  analysis  of  the  mechanism  of  activation  will 
prove  difficult. 

Although  working  out  of  the  logistics  of  obtaining  SM  in  the  proper  vehicle 
took  more  time  than  expected,  we  have  made  good  progress  in  analyzing  the 
effects  of  $M  in  the  S49/metal lothionei n  system.  We  found  that  SM  is  very 
active  in  this  system.  The  toxicity  of  SM  for  S49  cells  is  somewhat  great  than 
that  observed  for  Hela  cells  (8).  Following  treatment  with  SM,  there  is  a  large 
increase  in  Cdr  variants.  At  present  we  are  in  the  process  of  characterizing 
these  variants,  and  it  will  be  interesting  to  determine  how  many  are  MT-I*,  MT- 
II*,  MT-I*/MT-II*,  and  MT'.  We  already  have  good  data  on  the  distribution  of 
variants  in  these  classes  for  cells  treated  with  ENU  and  NA-AAF,  and  the 
comparison  with  SM  variants  wi 1 1  be  useful.  Likewise,  analysis  of  DNA  methyia- 
tion  and  genomic  structural  changes  should  be  helpful  in  determining  if  SM 


produces  »  different  spec  true  of  DMA  changes.  Most  important,  however,  is  the 
observation  itself:  treatment  with  SM  results  in  the  conversion  of  cells  from 
cade i urn-sensitive  to  cadei ute-res i stant  ami  thus  probably  activates  quiescent 
ratal  loth i one  in  genes.  If  substantiated  by  further  analysis,  our  findings  will 
provide  the  basis  for  a  nee  approach  to  the  analysis  of  the  biological  effects 


of  sulfur  mustard. 
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Table  1:  Fragment  length  from  Southern  Blot 
Analysis  of  Parental  (MT~)  and  Variant  (ATT*) 
S49  Cells 


Gene 

Expected  Band* 
in  kb 

Eniyme** 

Probe** 

MT-I 

3.8 

EcoRI 

KB600 

MT-I 

10.0 

Xbal 

PP300 

MT-I  I 

9.0,  0.7,  0.3 

EcoRI 

N1500 

MT-II 

4.0,  2.1 

PstI 

NX  500 

-I/MT-II 

15.0 

BamHI 

KB600 

♦In  all  cases  the  expected  and  observed  fragment  lengths  were  the  same. 
**See  Figure  1  for  map. 
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Table  2:  Survival  of 

S49  Celts  Following  Sulfur  Mustard  Treatment* 

Soft  Agarose 

Final  SM 

Colonies/400 

Cd  colonies/ 

Concentration 

Plated  Cel  Is 

Relative  Survival** 

0 

373,383 

1.0 

0.26  jM 

219,229 

0.59 

0.53  jM 

100,116 

0.28 

1.06  fi M 

14,26 

0.05 

*$ee  Materials  and  Methods 

and  Legend  to  Figure  2  for  details. 

‘‘Computed  by  averaging  the 
treatment . 

values  in  column  2 

and  dividing  by  the  value  for  0 
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Table  3:  Appearance  of  Cdr  Following  Sulfur  Mustard  Treatment* 


Final  SM 

Relative  Plating 

Concentrat i on 

Efficiency 

0 

1.0 

0.26  pU 

1.10 

0.53  pU 

1.14 

1.06  pU 

1.02 

Cdr  colonies/ 

Cdr  colonies/ 

10®  cells  plated* ** *** 

10®  Survivors' 

2.6 

2.6 

8.9 

11.7 

10.5 

37.5 

18.5 

370.0 

*See  Mater i a  I s  and  Methods  and  I egend  to  Tab  I e  2  for  deta i Is. 

**Corrected  for  plating  efficiency. 

***Corrected  for  relative  survival  (Table  2). 


15 


CO 

D 

O 

o 


111 

Z 

o 


Id 

2 

UJ 

CO 

§ 


N 

I 


Id  093-n 


Iitd- 
S 

^^dsj 

I  oqx> 

X  |68> 
I4«S-  , 
I  «*X— 4 


la  o»3s 
2*8^1 


Xoqx- 

arpwH'  1 

£l*8v-l 

I  4*d, 
IHW°8V  - 
ia  ®33^R 
la  mn- 
id  o^/" 
iaw3 
I4«d>- 
M  P»!H^ 

I 

HEPU!Hn_ 

I  «x>X7= 

I  ®C)T 


II«dH 


Id  093. 


S' I 


5 


(M 

I 


8 


9 

i 


£* 

i 


Figure  1 


[SULFUR  MUSTARD]  (fiM) 


Figure  2.  Toxicity  of  eulfur  Mustard  for  S49  Mouse  lyaphoea  cells.  S49  ceHs 
sere  treated  in  Has'*  F12  Medius  aith  10%  fetal  calf  sertaa  at  the 
indicated  Molarities  of  sulfur  anistard  for  three  hours  at  37  . 
Following  treatment,  cells  were  plated  at  400  cells  per  100  mm  dish 
in  0.5X  soft  agarose.  Colonies  were  counted  at  14  days. 


[SULFUR  MUSTARD]  (pM) 


Figure  2.  Toxicity  of  sulfur  Mustard  for  549  mouss  ly*>hoas  calls.  S49  calls 
•era  trsatad  in  Haa’s  F12  MsdiiM  with  10%  fatal  calf  sari«i  at  the 
indicated  Molarities  of  sulfur  Mustard  for  three  hours  at  37  . 
Following  treatment,  calls  were  plated  at  400  calls  par  100  m  dish 
in  0.5X  soft  agarose.  Colonies  ware  counted  at  14  days. 
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Figure  3.  Appearance  of  Cdr  following  sulfur  mustard  treatment.  Cells  were 
treated  with  sulfur  eustard  as  described  in  the  text  and  legend  to 
Figure  2  and  allowed  to  recover  for  5  days  in  liquid  Medium.  They 
were  then  plated  at  10  cel  Is  per  100  am  petri  dish  in  0.S*  soft 
agarose  containing  5  fM  Cd  (5  dishes  per  dose).  Similar  aliquots  foi 
plating  efficiency  were  plated  at  200  to  1,000  cells  per  dish  in 
agarose  without  Cd.  The  number  of  Cdr  colonies  in  each  dish  was 
counted  at  14  days  and  corrected  for  relative  survival  (Figure  2). 


